In this study the role of two intra-acrosomal molecules, acrin 1 (MN7) and acrin 2 (MC41), during in vitro fertilization (IVF) 
Introduction
The complex process of fertilization culminates in interactions between the spermatozoon and the oocyte.
Mammalian spermatozoa are highly differentiated cells consisting of a head and a flagellum. The anterior acrosome localized at the rostral region of the head is involved in the acrosome reaction and the equatorial segment is involved in membrane fusion with the oocyte (Bedford and Cooper, 1978; Wassarman, 1987; Oura and Toshimori, 1990; Yanagimachi, 1994) . The molecules that are unique to the sperm head have important roles in fertilization and can elicit specific antibodies (Katsh, 1959; O'Rand, 1980; Lung et ah, 1980; Eddy and O'Brien, 1994; Toshimori, 1998) .
Many studies have been undertaken to identify the molecular aspects of individual gamete components involved in specific events before and after fertilization. The relationship between immunization with spermatozoa and reduced fertility is well established (Menge et ah, 1979; Tung et ah, 1979) . Furthermore, individual steps in the interaction of gametes can be blocked in vitro by using monoclonal antibodies (mAbs) directed against mature sperm compo¬ nents (Saling and O'Rand, 1982) . The effects of specific antibodies on fertilization have been studied using a number of in vivo and in vitro assays (O'Rand, 1981; Saling and O'Rand, 1982; Naz et ah, 1983 Naz et ah, ,1984  Saling and Lakoski, 1985; Samuel et ah, 1987) . Although the roles of many sperm molecules in fertilization have been reported and reviewed (McLeskey et ah, 1998) , no consensus has emerged on the precise roles of these molecules during sperm-oocyte interaction.
A number of mAb probes against mouse epididymal spermatozoa have been produced, for example mMN7 (Tanii et ah, 1994) , mMC41 (Tanii et ah, 1992a (Tanii et ah, ,b, 1995 and mMClOl (Toshimori et ah, 1995 (1992a,b) and purified using the method described by Toshimori et ah (1998) (Lakoski et ah, 1988 (Table 1) . The difference between the mMC41 group and the other groups was significant (P < 0.001).
Fertilization rate in the zona-intact experiment
Pronucleus formation was blocked in a dose-dependent manner; the fertilization rate was 3-22% and 4-20% in the mMN7 and mMC41 groups, respectively, compared with 70-71% in the control group ( Fig. lb,c ; Table 2 ). The difference between the experimental groups and the control group was significant (P < 0.001).
Two-cell embryo formation was also blocked significantly, showing a trend similar to that of pronucleus formation in the presence of mAbs. The fertilization rate was 2-11% in the mMN7 and mMC41 groups compared with 70-82% in the control (P < 0.001).
Fertilization rate in the zona-free experiment
The effect of mAbs on the ability of reacted spermatozoa to bind to the oolemma was determined using zona-free oocytes. The oocytes incorporated the acrosome-reacted spermatozoa and developed to the pronuclear and two-cell embryonic stage in both the mMN7 and mMC41 groups as well as in the control group. The fertilization rate was more than 85% in all groups (Table 3) and there were no significant differences.
Indirect immunofluorescence
Both mMN7 and mMC41 failed to crossreact with oocytes when examined by indirect immunofluorescence using confocal laser scanning microscopy (Fig. 2) . Since mMN7 and mMC41 significantly inhibited the fertilization of zonaintact oocytes, further investigations were conducted to determine the precise point of the inhibition.
Localization of acrin 1 and acrin 2 on mature spermatozoa from the cauda epididymidis and on capacitated and acrosome-reacted spermatozoa Acrin 1 and acrin 2 molecules were localized to the entire acrosome and to the cortex region of the anterior acrosome on spermatozoa from the cauda epididymidis and capacitated spermatozoa, respectively (Fig. 3a,b, and i,j) . These molecules were gradually released from the acrosome during the zona pellucida-induced acrosome reaction (Fig.  3c-f) and were not present on the completely reacted spermatozoa, as confirmed by indirect immunofluorescence (Fig.3g,h (Fig. 3g,h) (Fig. 3c-f is probably because acrin 1 and acrin 2 are intra-acrosomal molecules (Tanii et ah, 1992a (Tanii et ah, , 1994 ) and so are not exposed before the acrosome reaction.
The results of the present study showed that both mMN7 and mMC41 significantly inhibited fertilization of zonaintact oocytes in a dose-dependent manner, but did not influence the fertilization of zona-free oocytes. These findings indicate that acrin 1 and 2 are involved in the sperm-zona pellucida interaction before or during penetration of the zona pellucida. Before (Leyton et ah, 1992; Wassarman, 1992;  Cheng et ah, Topfer-Petersen and Calvete, 1995). Sperm penetration through the zona pellucida is thought to be a combined process of vigorous sperm motility (Wakayama et ah, 1996) and biochemical interactions between molecules of the zona pellucida and enzymatically active sperm components such as acrosin (Wassarman, 1992; Topfer-Petersen and Calvete, 1995) . Tanii et ah (1995) Hunnicutt et ah, 1996) , rabbits (Naz et ah, 1983) , sea urchins (Trimmer et ah, 1985) , mice (Saling, In this study, the effects of mMN7 and mMC41 on the zona pellucida-induced acrosome reaction and on secondary binding were examined to evaluate the mechanism of the inhibition of sperm penetration through the zona pellucida. (Baba et al.,1994 
